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Ray Stefanski 

Introduction: 
February 1974 

For many of the experiments approved for the Neutrino 
Area, a beam-stop is required at the downstream end of the de- 
cay tunnel. since beam-stop requirements differ between ex- 
petients, provision must be made for access to? and removal of, 
the beam-stop. Eurthermore, adequate shielding must be pro- 
vided for the access enclosure (Enclosure 100) as well as for 
the area outside of the berm, These requirements suggest the 
use bf a target-box in this area to house the beam-stop and 
hadron shielding: Since the requirements in this area are 
analogous to those of the Front End Enclosure:of the b4eson 
Area, a similar solution was adopted to help expedite the 
development of the Aeutrino Area. 

The downstream target-hox will operate under a variety 
of conditions. For the initial experiment scheduled for the 
JJeutrino. Lab- the narrow-band neutrino beam-o&y a very low. 
power beam-stop is required at the end of the decay tunnel. The 
muon and hadron beams will also run at that time and will re- 
quire collimators in the target-box. The broad-band neutrino 
exacriments mill run later and will require a high power (0.5 
Watt) beam-stop in the target-box, and neutron shielding for 
enclosure 100. The muon polarization experiment of proposal 
48 -.-All require a special variable density target in the tmgct- 
box. Some monopolc exposures may be done in this area and may 
require special targets. Beam stops, hadron shielding and 
beam :non;toring equipment will be loaded into the target-box 
for each set of experiments,by means of a rigging procedure. 
This report contains detailsd specifications and design cri'- 
teric for the downstream target-box,'the loads it will house 
for the currently anticipated runnin,~ conditions, and the 
loading procedures for the target-box. 



Target-Box: 

The downstream target-'box,in the Keutrino Area is simi- . . . 
lar to the target-box used in the Meson Area; but 'Nith four 
essential differences: (1) The Neutrino Area target-box is 
24 feet long and it? internal dimensions are 40" I(: 40"; (2) 
no provision need be made for accurate ali&nment of the load 
in the target-box; (3)the target-box should be vacuum tight 
for pressures of 10 microns; (4)the target-box will not have a 
caisson support but will sit bn a bed of heavy concrete. A 
schematic diagram of the target-box is shown in Figure 1. 

The target-box.must be long enough to accommodate neu- 
tron shielding to keep the level of induced radioactivity 
in enclosure 100 at a tolerable level. 

The beam-stop, which is about 5 feet long. constitutes 
the front part of the neutron shield. It is backed up by 
steel to complete the neutron shielding. Calculations indi- 
cate that 10 feet of iron shielding.would be needed to keep 
the level of neutron radiation in this enclosure at 20 mrem/hour 
during beam operation I . Since this:is a minimum requirement .I 
the target-box is made 20 feet long to accommodnte a maximum 
of 20 feet of neutron.shielding2. In addition, a four-foot 
extensfon is required for access to electrical, water and vac- 
uum systems, making the total length of the target-box 24 feet. 
In the initial contract, DUSAF agreed to provide the first 20'- 
6"'of target‘boi, while-the last 3"-6l' are to be proviil'c'd by 

l!?l’dl l 

The internal dimensions of the target-box are deter- 
mined by the necessity to house a load that will shield the 
entire-face ofe,the'decay p.ipe. ..Since. the -decay pipe is *.36" 
in diameter, this would indicate that the target box should 
be at least 36" square.. Inaddition, however,. proyision m&t 
be made for a one-inch cleakance for'the load on all four sides. 
(In the f&son Area the targetrbox requires a 2" clearance at 
the top to allow for position+ng and alignment of the loxd 
after it is in the box. The tiDgliczti.on in the Neutrino Area - .- 
does not require positioning of the load - the wheels and 
undercarriage of the load remain in the box during operation - 
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and therefore only a one-inch clearance is required.) Thus 
the target box is made 40" X JO", and the load 39" X 39", so 
that the one4nch space.between the load and.the walls of the 
box is masked by the earth berm: Since the beam has little 
divergence at this end of the decay pipe, particles can enter 
the space only after passing through a considerable amount of 
earth. The zarth mask is also used to protect cast steel 
aheels and other elements that cannot withstand direct exposure 
to the beam. 

The entire load, which includes beam-stop, neutron, shield, 
beam monitors, wheels and undercarriage, remains in the target 
box during operation. Its operation and function are analo- 
gdus to the shielding cars used in the other target-boxes. No 
Frovision need be made to align the load when it is in the 
target-box. 

The tar 
vacuum as in 4% 

et-box v/i&L operate at a: lo-micron Vacuum-the same 
avoid the need ',fd~%&~~%o~~%aouum window between the target- 
box and decay pipe: Maintenance for a vacuum window of this 
type would be difficult because of its inaccessibility. 
Indeed, the vacuum in the decay-pipe will be achieved by 
pum@ng on the downstream end of the target-box. As a con- 
sequence, access to the target-box requires breaking vacuum 
in the decay-pipe. A twenty-four-hour pump--down time is re- 
quired for the decay-pipe, but this should not appreciably 
hinder the. operaMon..of:the .nre.a; Access.to.the target-box 
should be required only infrequently. In addition, maintaining 
the vacuum in the decay-pige through a thin window would con- 
stitute a safety hazard to personnel norking in the enclosure 
and,at.the target box. . 

2I vacuum door will be required for the target-box and 
it will need a fairly good seal. Because of the high radiation 
levc Is in this ?rea, nn inorganic nztcrial such as fndium is 
suggested for the sealant. The door would be clamped into 
place and the vacuum would provide the necessary force to 
r?:aint:lin the seal. 



Figure 2 shows an elevntion view of the front end of the 
target-box. The recessed area in front of the box is used as 
a sump to .collect radionc%i've watmthat might es&-w in&e 
event of a water-line rupture; Heat exchangers for the beam- 
stop. ShOILL IT! be located new $his area to z-,nke use of the sane 
slmp. This v:ould have the advantage of limiting the area in 
which radio,active water is used. When loading the target- 
box, the recess mu:t be filled to provide support for the 
four-foot extension of the target box. This support can be 

removed once the load is in place. 
The target-box rests on a bed of heavy concrete, which 

serves ES additional hadron shielding for enclosure 100. 
In'contrast to the Neson Area, caissons are not provided to 
support the target-box. The target-box will be allowed to 
settle along with the decay-pipe and the upstream target-box. 

The downstream target-box also differs from the Y'eson 
Area design in that it will not need a thin steel vacuum 
jacket around it. 

All of the other features of the target-box are the same 
as in the Meson Area. 30"-gauge, ho-pound rails are provided 
in the floor of the box: They offer the easiest %eans of 
steering the load into place. The inner 3” steel wall of the 
box is water-cooled: The Eater is circulated on the outer sur- 
face of the wall. Two feet of iron blooms are provided around 
the ou%side+of the box and-serve'as 4PanLYverse*~hadron shielding;. 
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Landing Procedures - &closure 1GO: 

The target-box is designed to accept loads of twenty 
feet in length and seventy tons in weight. The enclosure is 
made large enough to allow the load to be brought into the 
target-box by means of rigging procedures or by use of a fork 
lift. 

The procedure for loadin g tiea:$rbget box can be outlined 
y/,ith the help of figures 3 and 4/ A. twehty foot long bedplate 
is first brought in and aligned with the target-box. The bed- 
Plate is set on jacks and maneuvered into place. It is essen- 
tial at this point that the rails of the target-box line up 
with the rails on the bedplate. The beaF-sto? can then be brought 
into place by means of a fork lift. (The beam-stop is not radio- 
active when loaded into the target-box.) The iron neutron 
shield is then brought in and mounted on the bedplate. The 
shield is tied to the beam-stop and the entire load is winched 
into the target-box. The bedplate is then removed and the 
vacuum door is put into place. 

In removing the load from the target-box, additional pre- 
cautions. nust be taken because the load will be radioactive. 
The procedure be:c(;ins by removing the vacuum door. The bedplate 
is then mounted into position, The neutron shield is discon- 
nected from the beam-stop and removed from the target-box. 
The door to the target-box shoul!! now be covered by a thin 
leaa shield, while the neutron sti~ld is removed from the. 
enclosure. Then 2 one-inch-thick lead shroud is aounted 
on the bedplate 2nd the bea7-s top is rezoved from the target- 
box and pus into the shroud. The beem-s-to? with its shroud 
is then r:emoved.~~rom the.enclosure~-by a remote-controlled fork 
lift, The bedplzte can then be removed from the enclosure. 

Di.sconnectin,y the be:>.n-stag frorr! the neutron shield 
while in the target-box re?Mres a speciS.1 procedure. The 
beam stop is connected to bhe shield by means of two steel 
cflbles thcCLt r,re threaded throuch holes in the bottom of the and 4a and b. 
shield as shovm in figures 9a and b/ The cables me tied to 
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the shield at the bacl:. Disconnect is 
then nccomplished,.from the rear of ,the shield and thecables 
remain in the target-box :rihen the shield is removed. The cables 
are used to move the beam-stop out of the target-box. 

In the event that an excessive force is required to re- 
move the load from the target-box, an emergency loo-ton eye 
hook has been provided at the downstream end of the enclosure. 
Prom this point a winch and cable could be used to supply ,a 
loo-ton pull on the load. Thus, if a wheel bearing or axle on 
the load should fail due to exposure to the beam, the load 
could be dragged out of the target-box. Even in an extreme 
c&e where the load might become wedged into the target-box, 
sufficient. force could be supFlied to free it. 

An alternate procedure for removing the load from the 
enclosure would be to winch the entire load -'beam-stop, shroud, 
hadron shield and bedplate - out through the entrance of the 
enclosure. For this puqose, the bedplate would be mounted 
on brass bearings. The load would be winched out and onto the 
bedplate. A winch and cables would be used to slide the load 
out of the enclosure. S wooden carriage would be mounted against 
the wall of the encldsure to help remove the load. 



Beam-stops and TParcets: 
(A) Initial Load. for the Target-Box 

Dvming the initial.oGeration of the area the prima-y: 
user will be the narrow-band neutrino experiment. The main 
beam-stop for this experiment will be located in the upstream 
target-box and, therefore, the downstream target-box need 
handle only a negligible amount of thermal ?ower (less than 
10 watts) for the experiment. About one absorption mean free 
path of material will be required for shielding:‘ This is equi- 
valent to about six inches of iron. Two ports must he left 
open in the shielding: One at the beam'=axis for the muon beam 
and another 14$" to one side for the hadron beam. Both ports 
atie 2" vertical, by 4" horizontal. 

(B) The High Power Beam-stop 
The hi@ power beam-stop will be used to absorb full beam 

power. Its design requires consideration of (1)the amount of 
material needed to absorb the beam power, (2) 
energy deposition within the material, (3)nechanical stresses, 
(4)distribution of cooling mater, (5)type of mterinl used. 
to absorb beam power and (6)the flow characteristics of water 
l!rithin the beam-stop. V:ie will consider each of these $oints 
in the following par&graphs, and, also, we will suggest a 
beam-stop design based on a simple model. 

The amount of material needed to absorb the beam power 
is tabulated in. Ti,"- 23.8 End the results are Given in figure 5 
From the graph it is clear that about eight absorption mean 
free paths of material are recl_uired. This is equivalent to 
about five feet of copter. 

The enerFz disposition in the beam. stop is not uniform 
but peaks at about 1.5 absor_Dtidn mean rree paths within the 
material. This czn be seen in figure 6 which gives energy 
deposition in a1uninum as calculated by'IIonte CarTo techn'iq.ues 3 . 
Also, the radial distribution of energy becomes flatter as 
the shower develo_ns within the material, as can be seen in the ..+ 
figure '. Therefore, the coolking rclTLuirementn cre poyt strin- 
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gent in the first. four mean free pet& of sateri.21. 
The temperature rise in .the beam-St03 v:ill d,epcnd ,on the 

duration of the spill and the size of the bezm spot. For. a 
long spill the cooling !trater,can moderate the temperature 
rise. Also, a larger spot size will result in lower temper- 
atures in t'ne stoppert since the energy density deposited 
in the material would be less. For bubble chamber neutrino 
runs, we anticipate a short spill but a large soot size (given 
a 1 mm-mrad emittance at the target, the spot should be about 
six-teen inches in diameter n-t the end of the decay tunnel), 
For experiment 48 or for monopole exposures, the spot size at- 
the beam-stop will be about 2" in diameter with a long spill. 

As the temperature within the beam-stop increases, large 
stresses can develop due to the radial temperature differential 
in the beam-stop. (The hot metal along the beam axis tries to 
expand but is constrained by the cold metal on the outside of 
the beam-stop.) The expansion is constrained in tvqo dimensions 
and therefore the stress is given by 

nhere 4 = coefficient of linear expansion 
Y = Young's no.dulus of the material 

b7"= increase in temperature 
J/A t is given in Table I for copyer, aluminum and iron, 

and compared to the Yield Point of each netal. Since we anti- 
clpate temperature increases near lOOoC., it is clear that, if 
a solid bloc2 of metal v/ere used for the beam--too, deformation 
of the metal v:culd occur. (Xa we will show later, because 
aluminum vzi.11 tend to run at lower temperatures, these stresses 
would nof be as severe if aluminum Were used a.s the beam-stop 
materi3.1. ) '?!lli:5 couXd lead to bre<aks or failure in water Raths 
causing lea*ks vfkthin the stopper;' These large stresses can 
be avoided, however, if the heated metal is given room to ex- 
pand. For this reason, t?!e favor constructing the beam stop 
out of ;I;egfiento of rods rcrther thm out of' a solid block of 
metal. ITore will be said on this later. 



A simple model can be used to estimate t-he required proxi- 
mity of cooling water to the de-!3osited heat 7..;itliin ;he be,am- 
stop. In figure 7 i?Fe‘consider th'ePrr,sl ener,v degogited uni- 
formly within a cylinder of radius a and of length L. The out- 
aide surface of a cylinder of radius b is maintained at a tea- 
perature Tb. If ener,T is being deposited into the cylinder 
of radius a at a rate S (Cal/cm set) then: 3 

where 6 = energy flow per unit volume to surface b 
IT: = volume of cylinder a 
L = length of cylinder a 
k= thermal conductivity of metal 

: T = temperature at surface a, 
Substituting & ‘Z 3 cv g 
where S = density of metal 

C = specific heat of metal 
and solving for T: 

where t, = duration of spill, 
e = 
If the spill is continuous the metal will 

librium 

where p 

temperature 
r, = fb 

= beam power. 
t 

.G 

.c .P i-b 

(31 

reach an equi- 

For t greater than t, 

Values of 't' for copper, alum?num and iron are given in Table II. 
From the table, we can estimate roughly that since. a 2" beam 
spot .is the smallest. anticiL>ated in thi.:r area, water cooling 
lines.should be within 4 )':og the beam axis zpzrt to achieve. cooling 
times of about 2 seconds for copper. 

For a short spill, the exponential in Eq.4 can be expanded 

Ma) 

(4b) 

(6) 



where N = number of' protons 
Ep= proton energy 

= volume of cylinder 'a, 

where x7-z w+ * 
c f V' 

Therefore, if the duration of thewill is sufficiently 

(7) 

short relative to .Z the temperature rise per pulse is indepen- 
dent of spill duration. A vor a 4'@-diameter copper cylincfer, 
30" long, a bubble chamber pulse of 5 X 10 13 potons of 500 GeVenergy 
of a two-inch spot size would give a temperature increase of 
140' C.if the energb= /wez%forxly deposited. If non-uniform 
energy deposition is taken into account the temperature rise 
would be about 3OO'c. For a four-inch beam spot the temperature 
rise is about 75'C. We would anticipate designing a beaa-stop 
that would accommodate a four-inch spot size for a short spill 
at full-beam power. For a long spill, this same beam-stop 
could nccomnodake a two-inch spot size if it were made of copper, 

The water flow required to cool the beam'-stpp can be cal- 
culated from conservation of energy and is given by the formula 

where F 7 rate of water flow in gal/min 

J 
= specific heat of water = l(~al./~C.gmi 
= density of water = 1 gm,~cm 3 

AT= temperature rise of water in 'C. 
P= beam power in kwatts 

Therefore, to keep the viater temperature at 40°c, the water 
flow would have to be 48 gal,/nin if the full beam power of.500 
K$i were 'being dumped into -the beam-stop; This assumes that 
all of the water is being used efficiently to cool the heated 
areas in the bean stop. 'Ihis is seldom the case in practice 
a-nd additional 1;:ater inust tje s:upplicZ to Coxpenoate. 

Aluminum and copper ::re t;::e n; act suitable nc%~la for 



.beam-stop absorber. Fetals with lower thermal conductivity 
require a lerger surface-to-volume ratio to alldw sufficient 
cooling. Iron, for example, .would-run at about the same tern-- 
perature as copper, but would be about ten times as hard to 
cool: The specific heat and.density of iron are nearly the 
same'as for copper, but its thermal conductivity is about ten 
times less. Lighter metals are ineppropriate, since they 
would require that the beam-stop be very long to absorb the 
beam power. 

The advantages of aluminum are that it would operate at 
a low temperature and that it would become less radioactive 
than heavier metals. The uze of copper, however, since it is 
a -relatively dense metal, results in a short beam-stop and 
therefore requires less room in the trarget-box. 

To demonstrate that aluminum would operate ata lower 
temperature than copper, consider equation 7. ,Since the pro- 
duct sv' would be nearly the same for both copper and aluminum 
we can say 

fiL = ecu F‘r- 
- I-. 

'- - o.yq 
B cu CAL - 

(Hers we have ignored the fact that the radiation length in 
aluminum is much larger than in copper; therefore, the product 

rv is in f&t much larger for aluminum and would result 
in a lower ratio than that given by this equation.) 

Copper i.s easier to c~el. but not by an appreciable..factor. 
From equation 4b, 

,‘eAL_ = &ii .YAL -.&i = /# 3 -- 
*rr L! ccc; jf’cti .jt& 

:32 hu s , aluminum would take 1.3 times longer to cool than com?er. 
To summarize, aluminum would operate at .appre.ciably lower tem- 
p.elr-atures than Conner, while its cooling properties would not 
be grossly different. Aluminum has the further advantage that 
it will run at a lower specific activity than corJper. k major 
difficulty with an alu??inun beaz-stop, however, is that it 
would be 2.5 times lori::er tlxm e co3Der beam-stop. 

A sug(Tested deei{p for a. be.m-~~~op is given in figure 8. 



The beam stop is made 39” X 39” to com-pletely shield the face 
of the decay-pipe. The beam power is die?:ipated only in the 
iiruler 18" X lbU of the stopper. To avoid the develobment of 
large stresses, the stopper is made out of 2" diameter rods: 
This loosely packed configuration gives the metal ample room 
to expand and thereby avoids the development of large stresses. 
The packing fraction for the configuration is 91;'. The down- 
stre=am end of the stopper can be made of iron: The energy 
deposition is down by about a factor of a hundred as suggested 
by figure 6. The front end of the beam-stop is made of copper. 
Aluminum can be used-but the length of the front end F*lould 
increase by a factor of 2.5. Care must be taken to measure 
and control the pH value of the water to avoid corrosion of 
the metals. 

The rods are staggered in the transverse direction to 
force the water to flow in a zig-zag pattern across the face 
of the beam stop. 

A major objection to this beam stop design is that it 
holds a large amount of water (25 gallons). This could lead 
to probiems in the event of a break,in a water line and it 
would be desirable to reduce the need for water in the beam- 
stop: 

The conductance of the beam stop is very low requiring 
only 0.35 PSI gauge pressure to achieve a water flow of 100 
gal/min. 

To avoid the formation of a thin film on the surface of 
the rods, which would reduce the cooling capacity of the crater, 
the Reynolds number for flow bekeen the rods c=.hould be made 
fairly large. A calculation for the configtzration in figwe 8 
gives a Eegnolds numberof.2?,000~? Because of the unusual 
geometry, ho:?ever, the calculation is not totally reliable. 
However, spoiltrs can be.added betcreen the rods, if.needed t’o 
break up the water flow. 

Two ports must be included in the beam-stop to accomzodzte 
the muon 2nd hadron beams. Zbth ports sre 3” vertical by 5" 
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horizontal. The center of the muon beaT port is 10" off bean 
center while the hadron beam port is 14?7" off z.>:i.s. The beam 
port E;, are shown in figure.3. The neutron shield directly be- 
hind the beam-stop will have three ports each 2" X 4" as shown 
in fi,We 9. The same neutrcn shield car ccan be used with a 
variety of different beam stops. Any port that isn't in use 
can be plugged with a 2" X 4" iron bar. The beems coming out 
of'the ports must be monitored so that the beam can be turned 
off if too much of the Frirrary beam'io getting throu,:h the Forts. 

The position of the beam incident on the stop-:er must be 
carefully monitored during operation. Vere the beaE to stray 
significantly off the beam-stop axis, it could damage the steel 
parts of the stopper. The monitoring system must be able to 
turn off the beam when it strays. Yater temperature should 
also be monitored and the beam turned off when the temperature 
becomes excessive. 

The wheels for the stopper were chosen to be eight inches 
in diameter to allow them to be masked by the earth berm. 
The wheels are made of cast steel and are not water-cooled. 
If they were exposed directly to the beam, they could be damaged. 

The radks of the wheel should be fairly large, however, to 
miniaize the pull needed to move the beam-stop. Water lines 
to the beam-stop should also be masked by the earth berm. 
The position of wheels and water lines is shown in figure 9. 

The beam-stop should be positioned as far forward in 
the target-box as possible to allow room for the neutron shield 
car directly behind it and to take T?aximum advantage of the 
shielding.provided by the iron walls of the box. 



(C) Variable Density Tsrget: 
A special wiriable density beam-stop or tSzget !;rill be 

provided..by NAL for experiment 48. A ;3relriminary.design of 
the target has been done by Bi3L. An isometric of this beam- 
stop is shown in figure 10. '.It consists of three targets that 
can be m0ve.d into the beam by means of a cable. The targets 
are all made of copper but differ in their relative density. 
Each is made of cells of one-inch-slabs of copper separated 
by l/32" for water, as shown in the inset. In the skrortest 
target, the cells have no separation between them; in. the inter- 
mediate-sized target, the cells are 2" apart; and in the long- 
est target, the cells are 4" apart. Thus, the effective,target 
density differs by a factor of three. 



Kost of.the target-box design is complete and is being 
carried out by DUSAF.. Detailed design work must still be done 
on the vacuum door, the vacuum feed-through water connectors 
and electrical connections in the target-box. Yhe loading pro- 
cedures for the target,box have also been worked out. They 
will vary depending,on the load, but will be done essentially 
as a rigging operation. 

A rough design of the bean-stop has been carried out, 
but further detailed design work nust be done. Design speci- 
fications have been given in this report, 

A preliminary ,desi.gn of a variable density target has been 
carried out at BNL, and further design and construction will 
be done at NAL. 
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TABLE I 

CU 
Al 
Fe 

a( Y *, Yield Point 
(OC'l) PSI PSI/OC PSI 

1.4 x loo5 1.6 x lo7 420 5000 
2.4 X loo5 1 ii 107 480 5000 
1.2 x lo+ 2.8 X 107 672 30 000 



TABLE II 

cu .094 8.96 .92 .458 1.99 set 
Al ,212 2.7 .48 .596 2.58 set 
Fe .ll 7.86 .I1 3.93 17.03 set 
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